We decompose the lowest-order nonlocal corrections to the local-density approximation to the exchange and correlation component of the metallic surface energy in terms of its wave-vector components.
I. INTRODUCTION In a recent paper' (to be referred to as I) Rasolt, Malmstrom, and Geldart have analyzed in great detail the implication of a procedure" which attempts to incorporate surface-plasmon contributions in the exchange and correlation energy (E") of a metallic surface. This scheme [called the wave-vector interpolation (WVI) ] which relies on being exact for both small and large wave-vector q fluctuations was shown (see I) to fail quantitatively in the intermediate-q range, precisely the range for which the WVI was designed.
An approximation for E"was suggested by Hohenberg and Kohn, ' which is referred to as the local density approximation (LDA). In the LDA E" is approximated by E"=E", = d'mr e (nr), where e"(n( r)) is the exchange-correlation energy per electron of a homogeneous electron gas of density n(r). Equation (1) (4) are related to the uniform system they are not at all likely to contain the contributions of surface plasmons, contributions which are related to the global surface geometry. Such terms which dominate E",(q) for small wave-vector fluctuations"' have, however, rigorous q-0 limit' given by (2) where S""(q,n(r)) is the structure factor of the uniform electron gas with local density n( r) and the integral over A. is the usual coupling-constant integration.
We will, in this paper, be interested exclusively in the exchange-correlation contribution to the surface energy; i.e. , the energy (per n is the bulk density, and~, the surface-plasmon frequency &u, =&a~/vY. The WVI suggests a simple interpolation (see also I) between Eqs. (2) &"=z(a'k -a, 'b, ) (10) with y =2k~z and z the axis perpendicular to the surface. This density was introduced in Eq. (7) and v(q) was set equal to the bare Coulomb interaction (4we'/q') in Fig. 2 and to v(q) = 4ve'/(q'+ X') in Fig. 3 (12) with ao' the Lindhard contribution given by Qp' =-mkr/v', p, 0=k+/2m, and for notational con- b'= --tr,
The q in tr"V(q), and E,(q) is a four vector q -= (q, qo) and V(q) = v(q) in the HF, and V(q) = v(q)[I/q(q) -1] for correlation (see Sec. III).
Finally Fo(q) is the dynamic I indhard screening function'k " related to e(q) by e(q) = 1 -4ve'/q'Fo(q) and
In Eqs. (12)- (15) 
Combining Eqs. (3), (6}, (10), (20) , and (21) we get the following form for the gradient contribution to y(q} in the HF approximation: (Fig. 1) 
eon' bo=(2 )ok4 (Zc+Zo')~(31)
The contributions from b" and b" in Eqs. (15) and (16}were first (22) and (49) The interpolation between the surface plasmons and the gradient contributions is the most serious shortcoming of this scheme since the interpolation must be very sensitive to the density profile. To see this, consider a problem having a bulk-density variation, modeled to be very similar to the surface-density profile. The exact y(q) for the bulk problem, however, will deviate in a major way at small q from the y(q) of the surface problem, since for a bulk density no surface plasmons exist.
Consequently, the two arbitrary inter polations suggested in Figs. 5 and 6 might be totally wrong and the correct small-q surface-plasmon behavior might be to vary rapidly and join y~(q) at very small q in Fig. 6 . In addition note the fact that the high-density limit (where local rather than global effects become important) of yc (q) 
